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I. Introduction
In Korea, there has been an explosive growth in medical sci-
ence as reflected by the vast increase in research articles for 
the past decades. In the core of such growth, medical schools 
have done a major role for the researches. According to the 
2007 Report of Korean Ministry of Education, Science and 
Technology, the number of articles published through the 
journals indexed in Science Citation Index (SCI) database 
by Korean researchers has been increased to 25,494 and the 
number of articles of clinical medical science was 4,277, 
which occupies 16.77% [1]. The SCI publication status of 
Korean medical science field reported by National Medical 
Academy in 2006 revealed that the accumulated number of 
SCI articles is 19,695 for biomedical research and 26,023 for 
clinical medicine [2]. Also, the number of articles by Korean 
medical schools has shown huge expansion in recent years. 
The total number of searched SCI Expended (SCIE) articles 
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of the 40 medical schools during 1997 to 2008 was 35,469 
and the number of SCIE articles per year by medical schools 
has increased from 1,024 in 1997 to 8,462 in 2008 [3].
  In the meantime, the scientometric analysis allowed scien-
tists to gain insight into the structure of research fields and 
co-authorship by identifying and mapping interpretable and 
homogenous clusters of articles and authors from the diverse 
medical research fields. Such visualization of scientific net-
works is more than simply creating intriguing pictures. The 
images of social networks among medical schools may pro-
vide investigators with new insights about network structure 
and would help the researchers to communicate with others. 
These also may provide much useful information for a num-
ber of stakeholders, such as potential students, employers of 
graduates, university administrators, potential donors, fund-
ing agencies, and governments. The social science structure 
can be conceptualized as a network of social science ties 
among the medical schools, because they transmit behavior, 
attitudes, information, or goods. Social network analysis of-
fers the methodology to analyze social relations; it tells us 
how to conceptualize social networks and how to analyze 
them. 
  Thus we analyzed the structural and special characteristics 
of social networks among the medical schools to provide in-
side knowledge of medical field’s structure, its dynamics, and 
potential paradigm developments. 
II. Methods
1. Data
To identify distinct homogenous clusters of published ar-
ticles, we used all journals listed under the subject category 
Figure 1. Flow of data analysis.102 doi: 10.4258/hir.2010.16.2.100  www.e-hir.org
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“Medicine,” according to the Journal Citation Reports
® (JCR; 
Thomson Reuters, New York, USA), as data sources for our 
analysis. Using the database of the SCIE (Thomson Reuters), 
original articles and review articles published from 1997 
to 2008 were collected. The archives of the SCIE articles of 
each medical school were extracted from SCOPUS® database 
(Elsevier BV, Amsterdam, Netherlands), which is one of the 
largest abstract and citation database of research literature 
and quality web sources. In the SCOPUS
® database, the arti-
cles were sorted with the command designed to extract only 
full papers (original article and reviews) and to confine the 
affiliation as “medical school or medical college.” The meth-
od used in our study has been described in detail in previ-
ous report [3]. In brief, twelve years of archives of the SCIE 
articles of each medical school from the year 1997 to 2008 
were 35,469 but the sum of the number of SCIE of the medi-
cal schools was 51,480 due to the multi-institution, multi 
co-authoring articles. From the 170 subject categories of the 
JCR in the scope note [4], 61 subcategories having more than 
20 published articles were analyzed. Some of the journals are 
classified into two or three subject categories simultaneously. 
So the total numbers of articles according to the categories 
are increased to 70,078. After then, the data was compiled 
into a matrix of network contacts for the 40 medical schools 
for analysis. Each steps and results are summarized in Figure 
1. Furthermore, the SCIE articles were classified to three 
groups (1997-2000, 2001-2004, 2005-2008) according to the 
published year to analyze differences according to the year.
2. Matrix
The authors studied networks of medical schools in which 
two medical schools are considered connected if they have 
coauthored a paper together. This seems a reasonable defi-
nition of scientific acquaintance: the scientists who have 
written a paper together must be connected academically. 
Thus it was intended that social network analysis would be 
applied to this matrix to identify levels of interorganizational 
communication, clusters of co-authoring activity, and lead-
ing medical schools. If the medical school having the cor-
responding author coauthored other medical schools, the re-
lationship was set to be ‘invite and invited.’ Other co-authors 
with non-medical school or outside Korea were not included 
into analysis.
3. Centralization, Centrality
We used UCINET [5] and Pajeck ver. 1.25 (Bajaglij V & 
Mrvar A, Ljubljana, Slovenia) to analyze the indices. UCI-
NET [5] is a social network analysis software with which 
the computational aspects of analysis, including calculating 
various measures (eg, centrality, cohesion, brokerage) among 
others, as well as hypothesis testing can be performed. Pajek 
is a program, for Windows, for analysis and visualization of 
large networks and is freely available, for noncommercial use 
at web site [6]. Also, NetDraw ver. 2.090 (Analytic Technolo-
gies, Lexington, KY, USA) were used to draw sociogram. 
NetDraw is social network visualization software with which 
graphic representation of networks including relations and 
attributes can be drawn. We analyzed four centralization 
indices (degree centrality, closeness centrality, betweenness 
centrality) and Eigenventor centrality index as suggested by 
Freeman [7]. The network measurement methods were ap-
plied to, one for individual node (vertex) and one for entire 
network. 
4. Key Player Analysis
We used KeyPlayer ver. 1.44 (Analytic Technologies) pro-
gram for identifying an optimal set of nodes in a network. 
The program performs a procedure to find sets of key players 
in a social network [8]. The basic algorithm of this method 
is to lengthen the average distance between pairs of nodes 
by judiciously deleting key nodes with the key assumption 
of the algorithms is that the optimal selection of key players 
depends on what they are needed for. 
  The program runs for the purposes: 1) crippling the net-
work by removing key nodes, and 2) selecting which nodes 
to either keep under surveillance or to try to influence via 
some kind of intervention. Accordingly, two generic goals 
are articulated, called KPP-POS and KPP-NEG. KPP-POS is 
defined as the identification of key players for the purpose 
of optimally diffusing something through the network by 
using the key players as seeds. KPP-NEG is defined as the 
identification of key players for the purpose of disrupting 
or fragmenting the network by removing the key nodes. We 
used distance weighted reach criterion method (KPP-NEG). 
5. Structural Equivalence
To locate the position of the medical schools with similar 
behaviors in the network, we used a method called conver-
gence of iterated correlations (CONCOR) which categorizes 
structurally similar medical schools into a group. CONCOR 
is a promixity measure tool for algorithms for approximate 
structural equivalence suggested by Breiger et al. [9]. It mea-
sures the degree to which two nodes are structurally equiva-
lent by measuring the degree to which their columns are 
identical. In an adjacency matrix, the correlation of the value 
of the medical school is taken. The value is settled to 0 or 1 
by repeatedly calculating the correlation coefficient. 103 Vol. 16  •  No. 2  •  June 2010 www.e-hir.org
Scientific Publications Networks among Medical Schools in Korea
6. Multidimensional Scaling
To plot the proximities between network nodes, multidi-
mensional scaling (MDS) was done with a superset of classi-
cal MDS that generalizes the optimization procedure to a va-
riety of loss functions and input matrices of known distances 
with weights. According to the period, metric MDS was 
performed and the scattergrams of the network node (medi-
cal schools) were compared. Given a matrix of proximities 
(similarities or dissimilarities) among a set of items, the 
program finds a set of points in k-dimensional space such 
that the Euclidean distances among these points corresponds 
as closely as possible to the input proximities. The data may 
represent similarities or dissimilarities. If similarities exit, 
large values of X (i,j) will draw i and j close together on the 
MDS map. If dissimilarities exit, large values will push i and 
j apart on the map.
III. Results
1. Centralization According to Period
The centralization of the scientific publication network 
among medical schools was analyzed with matrix generated 
from 35,469 SCIE articles published from 1997 to 2008. The 
degree of centralization of the scientific network has been 
relieved through the period by all the centralization indices. 
The degree improved from 0.5634 in period 1997-2000 to 
0.2740 in period 2005-2008. Indgree and outdegree indices 
showed similar pattern. Also the betweenness, closeness and 
Eigenvector indices showed reduced centralization degrees 
(Table 1). Especially, the decrease of Eigenvector index was 
profound (from 0.2410 in early period to 0.0475 in late pe-
riod).
2. Centralization According to Subcategories
The centralization degree of the scientific publication net-
work among medical schools according to subcategories was 
analyzed. The number of articles and involved node (medical 
schools) according to subcategories are described in Table 2. 
Among the subcategories, ‘Cell biology’ (0.5567), ‘Oncology’ 
(0.5459), ‘Medicine general & internal’ (0.5405), ‘Neurosci-
ence’ (0.5317), ‘Pharmacology and Pharmacy’ (0.5304), and 
‘Clinical neurology’ (0.5216) showed high degree of central-
ization. Indegree and ourdegree indices were highest in ‘On-
cology’ (0.5056) and ‘Medicine, general & internal’ (0.6976), 
respectively. Betweenness and Eigenvector centralization was 
highest in ‘Toxicology’ (0.2632) and ‘Health care science and 
services’ (0.8273), respectively.
3. Centrality Changes According to Period
1) Degree centrality
The degree centrality of node (medical schools) for each 
subcategory was compared according to the period 1997-
2000, 2001-2004 and 2005-2008. The medical school having 
highest centrality index is listed in Table 3. Though the cen-
tralization index of the network was decrease recently, the 
number of subcategories where the top 4 medical schools are 
highest was increased. In period 1997-2000, the number of 
subcategories where those four medical schools were highest 
was only 41 (67.2%). In period 2005-2008, the number was 
increase to 48 (78.6%). Through the period 1997-2008, Seoul 
National University (SNU) was highest in 39 subcategories 
among 61 subcategories (63.9%). Yonsei, Sungkyunkwan 
and Ulsan University were highest in 7, 4, and 3 subcatego-
ries respectively. Four medical schools are occupying 53 sub-
categories among 61 subcategories occupying 86.8% of the 
subcategories. 
2) Betweenness centrality 
The medical school having highest betweenness centrality 
index is listed in Table 4. In period 1997-2000, the number of 
subcategories where those four medical schools were high-
Table 1. Centralization indices of the network according to the year
Period
Degree
Betweenness
Closeness
Eigenvector
Indgree Outdegree All Indegree Outdegree All
1997-2000 0.5227 0.5753 0.5364 0.1824 N/A N/A 0.6120 0.2410
2001-2004 0.3932 0.5247 0.4440 0.0571 0.2231 0.3290 0.5254 0.1183
2005-2008 0.2538 0.2801 0.2740 0.0110 0.1764 0.1924 0.2501 0.0475
1997-2008 0.2130 0.2393 0.2186 0.0063 0.1583 0.1784 0.2295 0.0354
Due to network is not strongly connected.
N/A: not assessable. 104 doi: 10.4258/hir.2010.16.2.100  www.e-hir.org
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est was only 35 (57.4%). In period 2005-2008, the number 
was increase to 48 (78.7%). Through the period 1997-2008, 
SNU was highest in 33 subcategories among 61 subcatego-
ries (54.1%). Yonsei, Sungkyunkwan and Ulsan University 
were highest in 11, 4, and 2 subcategories respectively. Four 
medical schools were occupying highest in 50 subcategories 
among 61 subcategories occupying 82% of the subcategories. 
3) Eigenvector centrality
The medical school having highest Eigenvector centrality 
index is listed in Table 5. Unlike degree centrality and be-
tweenness centrality, Eigenvector centrality was not chang-
ing through the year. In period 1997-2000, the number of 
subcategories where those four medical schools were highest 
was 45 (73.8%). In period 2005-2008, the number was slight-
ly increased to 47 (77%). Through the period 1997-2008, 
SNU was highest in 38 subcategories among 61 subcatego-
ries (62.3%). Yonsei, Sungkyunkwan, and Ulsan University 
were highest in 6, 5, and 3 subcategories respectively. Four 
medical schools were occupying highest in 52 subcategories 
among 61 subcategories occupying 85.2% of subcategories. 
4) Sociogram
The network among medical schools was drawn by Pajek. 
The network diagrams are demonstrated in Figure 2. The 
nodes (medical school) located at center have high degree 
Table 2. Centralization indices of the network according to the research categories
Subject category (No. of articles, no. of nodes)
Degree
Betweenness Eigenvector
Indgree Outdegree All
Allergy (489, 33) 0.1486 0.2801 0.2200 0.0906 0.4610
Anatomy & Morphology (158, 35) 0.0789 0.1841 0.1350 0.0743 0.7016
Andrology (55, 20) 0.0671 0.1723 0.0958 0.0045 0.1477
Anesthesiology (380, 33) 0.1223 0.2801 0.2065 0.1111 0.5691
Behavioral sciences (83, 26) 0.0881 0.1144 0.0769 0.0239 0.7390
Biochemistry MB (6363, 40) 0.4675 0.4412 0.4663 0.0713 0.1502
Biotechnology AM (1105, 40) 0.3563 0.5141 0.4467 0.2391 0.3932
Cardiac CVS (1334, 40) 0.2078 0.4707 0.2942 0.1534 0.4250
Cell biology (3051, 40) 0.5030 0.5819 0.5567 0.1700 0.2416
Clinical neurology (2929, 40) 0.3241 0.6923 0.5216 0.1943 0.2981
Critical care medicine (157, 30) 0.0579 0.1894 0.0999 0.0377 0.7203
Dentistry OSM (455, 36) 0.1933 0.2196 0.2119 0.1500 0.6332
Dermatology  (1047, 39) 0.2768 0.4346 0.3516 0.2100 0.4708
Developmental biology (236, 34) 0.1223 0.1486 0.1120 0.0813 0.4772
Emergency medicine (85, 22) 0.0671 0.1460 0.1093 0.0172 0.1266
Endocrinology & Metabolism (1578, 40) 0.2702 0.5332 0.4123 0.1839 0.3517
Evolutionary biology (24, 15) 0.0204 0.0730 0.0479 0.0014 N/A
Gastroenterology & Hepatology (1963, 40) 0.2906 0.5799 0.3927 0.1910 0.3166
Genetics & Heredity (1366, 39) 0.3682 0.4734 0.4319 0.1826 0.3335
Geriatrics & Gerontology (286, 38) 0.1085 0.5556 0.3408 0.1788 0.7322
Health care SS (162, 29) 0.0861 0.1650 0.1289 0.0636 0.8273
Hematology (1187, 38) 0.1644 0.4800 0.3036 0.0713 0.3449
Immunology (2454, 40) 0.3912 0.5227 0.4690 0.2043 0.2858
Infectious diseases (743, 40) 0.1414 0.4832 0.3205 0.1174 0.4340
Integrative & CM (172, 33) 0.0789 0.1315 0.0810 0.0194 0.5676
Medical informatics (90, 21) 0.0894 0.1420 0.0783 0.0220 0.7297
Medical laboratory technology (358, 36) 0.1492 0.1492 0.1397 0.1034 0.5826
Medicine, general & internal (3650, 40) 0.3820 0.6976 0.5405 0.1591 0.2525105 Vol. 16  •  No. 2  •  June 2010 www.e-hir.org
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of centrality. The size of the circle means the number of 
SCIE articles during the period. During 1997–2008, there 
has been dramatic increase of SCIE publications and net-
works among medical schools. Those results are reflected as 
the size of the nodes and arcs (arrows) where the arc A→B 
means corresponding school B invited A as co-author. In the
Table 2. Continued
Subject category
(No. of articles, no. of nodes)
Degree
Betweenness Eigenvector
Indgree Outdegree All
Medicine, legal (71, 19) 0.0210 0.0736 0.0351 0.0007 N/A
Medicine RE (1820, 40) 0.4083 0.5924 0.5135 0.2532 0.3299
Microbiology (1328, 40) 0.3024 0.6180 0.4319 0.1595 0.3856
Microscopy (39, 18) 0.0454 0.0717 0.0601 0.0041 0.0988
Mycology (40, 23) 0.0644 0.2748 0.1336 0.0045 0.1480
Neuroimaging (406, 36) 0.1118 0.3748 0.2362 0.0599 0.6275
Neurosciences (3934, 40) 0.3997 0.6364 0.5317 0.2104 0.2632
Nuclear science & technology (23, 12) 0.0237 0.0500 0.0243 0.0000 0.0737
Obstetrics & Gynecology (982, 40) 0.2393 0.4760 0.3671 0.1823 0.4129
Oncology (4269, 40) 0.5056 0.6371 0.5459 0.1939 0.2385
Ophthalmology (876, 37) 0.2360 0.3938 0.2827 0.1903 0.6318
Orthopedics (951, 37) 0.1769 0.3347 0.2625 0.1869 0.3999
Otorhinolaryngology (975, 37) 0.1696 0.4326 0.3090 0.2322 0.5204
Parasitology (354, 33) 0.1499 0.3866 0.2753 0.1536 0.5456
Pathology (1189, 40) 0.2886 0.6305 0.3637 0.2011 0.4498
Pediatrics (798, 38) 0.1368 0.4523 0.2888 0.2006 0.5302
Peripheral vascular disease (887, 39) 0.1690 0.5372 0.3624 0.1745 0.4900
Pharmacology & Pharmacy (3942, 40) 0.4642 0.5694 0.5304 0.1194 0.1877
Physiology (621, 39) 0.2216 0.4320 0.3354 0.2275 0.5630
Psychiatry (965, 39) 0.1663 0.6134 0.3866 0.1738 0.4383
Psychology (175, 30) 0.1013 0.3116 0.1849 0.0673 0.6483
Public E & OH (621, 38) 0.2926 0.3715 0.3408 0.2018 0.5356
Radiology NM & MI (4113, 40) 0.3248 0.6667 0.5088 0.1860 0.3037
Rehabilitation (156, 30) 0.0611 0.1400 0.0763 0.0102 0.5991
Reproductive biology (305, 32) 0.1407 0.2196 0.1579 0.1103 0.5293
Respiratory system (725, 40) 0.1085 0.4241 0.2598 0.1984 0.4390
Rheumatology (540, 37) 0.1499 0.3340 0.2483 0.2496 0.6053
Surgery (3634, 39) 0.3373 0.6266 0.4946 0.2249 0.3096
Toxicology (664, 40) 0.3162 0.4740 0.4055 0.2632 0.4971
Transplantation (832, 38) 0.1808 0.4964 0.3475 0.1844 0.4887
Tropical medicine (72, 21) 0.0671 0.0934 0.0553 0.0044 0.6801
Urology & Nephrology (1497, 40) 0.3123 0.6279 0.4825 0.2389 0.3975
Virology (336, 32) 0.1466 0.3044 0.2314 0.1125 0.6456
Closeness centralization cannot be computed since most of the network was not strongly connected.  
MB: molecular biology, AM: applied microbiology, CVS: cardiovascular systems, OSM: oral surgery & medicine, SS: sciences & 
services, CM: complementary medicine, RE: research & experimental, E & OH: environmental & occupational health, NM&MI: 
nuclear medicine & medical imaging, SNU: Seoul National University, SKKU: Sungkyunkwan University, CUK: Catholic Univ. of 
Korea, N/A: not assessable. 106 doi: 10.4258/hir.2010.16.2.100  www.e-hir.org
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Table 3. Highest centrality density nodes according to subcategories and year
Subject category 1997-2000 2001-2004 2005-2008 1997-2008
Allergy SNU (0.269) SNU (0.135) Yonsei (0.118) Yonsei (0.101)
Anatomy & Morphology SNU (0.25) Yonsei (0.179) SNU (0.135) SNU (0.129)
Andrology Yonsei (0.5) Hanyang (0.25) SNU (0.333) SNU (0.235)
Anesthesiology SKKU (0.25) SNU (0.167) Yonsei (0.167) SNU (0.135)
Behavioral sciences N/A SNU (0.182) Korea (0.143) SNU (0.146)
Biochemistry MB SNU (0.111) SNU (0.066) SNU (0.05) SNU (0.042)
Biotechnology AM Yonsei (0.143) SNU (0.134) SNU (0.083) SNU (0.081)
Cardiac CVS SNU (0.167) SNU (0.125) Ulsan (0.089) Ulsan (0.085)
Cell biology SNU (0.122) SNU (0.09) SNU (0.067) SNU (0.054)
Clinical neurology SNU (0.139) SNU (0.158) SNU (0.079) SNU (0.074)
Critical care medicine Yeungnam (0.25) SNU (0.25) Ulsan (0.146) SNU (0.15)
Dentistry OSM Ajou (0.333) Yonsei (0.222) SNU (0.143) SNU (0.132)
Dermatology  Yonsei (0.207) SNU (0.203) Yonsei (0.106) Yonsei (0.102)
Developmental biology Konkuk (0.188) Pochon CHA (0.125) Konkuk (0.106) Konkuk (0.102)
Emergency medicine N/A Gacheon (0.5) Yonsei (0.233) Yonsei (0.219)
Endocrinology & Metabolism SNU (0.18) SNU (0.118) SNU (0.086) SNU (0.076)
Evolutionary biology N/A SNU (0.375) Chung-Ang (0.2) SNU (0.188)
Gastroenterology & Hepatology Ulsan (0.14) SNU (0.139) CUK (0.089) CUK (0.076)
Genetics & Heredity Korea (0.143) SNU (0.134) SNU (0.083) SNU (0.071)
Geriatrics & Gerontology SNU (0.25) SNU (0.233) SNU (0.196) SNU (0.177)
Health care SS SNU (0.5) SNU (0.292) Eulji (0.111) SNU (0.19)
Hematology Chonnam (0.176) SNU (0.103) Ulsan (0.088) Ulsan (0.077)
Immunology SNU (0.202) SNU (0.097) Ulsan (0.068) SNU (0.063)
Infectious diseases Yonsei (0.138) Yonsei (0.138) SNU (0.101) Yonsei (0.096)
Integrative & CM Yeungnam (0.2) Chung-Ang (0.143) SNU (0.119) Wonkwang (0.092)
Medical informatics Wonkwang (0.092) Hanyang (0.233) Hanyang (0.233) Hanyang (0.159)
Medical laboratory technology Yonsei (0.2) Ulsan (0.132) SKKU (0.136) SKKU (0.104)
Medicine, general & internal Yonsei (0.432) Yonsei (0.096) Yonsei (0.069) Yonsei (0.061)
Medicine, legal Eulji (0.5) Korea (0.25) CUK (0.25) Yonsei (0.188)
Medicine RE SNU (0.173) SNU (0.106) SNU (0.08) SNU (0.07)
Microbiology SNU (0.227) Yonsei (0.113) CUK (0.101) CUK (0.084)
Microscopy Yeungnam (0.167) Chonnam (0.2) SNU (0.375) SNU (0.227)
Mycology N/A Yonsei (0.5) Chung-Ang (0.275) Chung-Ang (0.25)
Neuroimaging SNU (0.25) SNU (0.192) SKKU (0.17) SKKU (0.139)
Neurosciences SNU (0.114) SNU (0.099) SNU (0.072) SNU (0.062)
Nuclear science & technology N/A N/A SNU (0.25) SNU (0.25)
Obstetrics & Gynecology Chonnam (0.208) CUK (0.167) SNU (0.106) SNU (0.091)
Oncology SKKU (0.126) SNU (0.103) SNU (0.062) SNU (0.056)
Ophthalmology Yonsei (0.25) Yonsei (0.172) SNU (0.17) SNU (0.148)
Orthopedics Yonsei (0.132) Yonsei (0.194) SNU (0.101) Yonsei (0.089)
Otorhinolaryngology SNU (0.206) SNU (0.174) SNU (0.131) SNU (0.123)107 Vol. 16  •  No. 2  •  June 2010 www.e-hir.org
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earlier period, the network was not dense. However it be-
comes dense in later period. As the network among medical 
school is increased, the degree centrality of the network is 
decreased from 0.5364 to 0.2740. 
4. Key Players Analysis
The ‘key player’ of each subcategory was compared accord-
ing to the period 1997-2000, 2001-2004 and 2005-2008. The 
‘key player’ medical school is listed in Table 6. SNU was ap-
peared as ‘key player’ in 37 subcategories (60.7%). Yonsei, 
Sungkyunkwan, and Ulsan University were ‘key player’ in 
9, 5 and 3 subcategories, respectively. Those four medical 
schools are occupying 54 subcategories (88.5%) as ‘key play-
er.’ 
5. Structural Equivalence
The results of CONCOR and cluster diagram generated by 
UCINET are demonstrated in Figure 3. Medical schools 
having similar pattern of behavior in the network are tied 
together (R
2=0.240). The analysis produced eight groups and 
the medical schools in a group may be regarded as a ‘Clique.’ 
Group A was ‘Gacheon,’ ‘Dankook,’ ‘Chosun,’ ‘Konyang,’ 
‘Chung-Ang,’ ‘Eulji,’ and ‘Chungbuk.’ Group B was ‘Pochon 
CHA,’ ‘Chonnam,’ ‘Soonchunhyang,’ ‘Inha,’ and ‘Chonbuk.’ 
Group C was ‘Kangwon,’ ‘Inje,’ ‘Wonkwang,’ ‘Cheju,’ ‘Hallym,’ 
and ‘Kwandong.’ Group D was ‘Konkuk,’ ‘Hanyang,’ ‘Kyung 
Hee,’ ‘Catholic Univ. of Korea,’ ‘Yeungnam,’ ‘Ulsan,’ ‘Ehwa,’ 
‘Ajou,’ ‘Korea,’ ‘Seoul National,’ ‘Yonsei,’ and ‘Sungkyunkwan.’ 
Group E was ‘Chungnam,’ and ‘Kyungpook.’ Group F was 
‘Keimyung’ and ‘Dongguk.’ Group G was ‘Gyeongsang,’ and 
‘Seonam.’ Group H was ‘Pusan,’ ‘Catholic Univ. of Daegu,’ 
‘Dong-A,’ and ‘Kosin.’ 
Table 3. Continued
Subject category 1997-2000 2001-2004 2005-2008 1997-2008
Parasitology Yonsei (0.182) SNU (0.167) SNU (0.144) SNU (0.13)
Pathology SKKU (0.222) Ulsan (0.143) SKKU (0.12) SKKU (0.105)
Pediatrics SKKU (0.143) SKKU (0.125) SNU (0.136) SNU (0.112)
Peripheral vascular disease SNU (0.3) SNU (0.146) Ulsan (0.111) SNU (0.106)
Pharmacology & Pharmacy SNU (0.118) SNU (0.09) SNU (0.056) SNU (0.049)
Physiology SNU (0.233) SNU (0.176) SNU (0.103) SNU (0.117)
Psychiatry SNU (0.333) SNU (0.189) SNU (0.127) SNU (0.114)
Psychology SNU (0.5) SNU (0.192) Korea (0.2) SNU (0.17)
Public E & OH SNU (0.208) SNU (0.167) SNU (0.114) SNU (0.111)
Radiology NM & MI SNU (0.103) SNU (0.114) Ulsan (0.093) Ulsan (0.072)
Rehabilitation Inje (0.5) Yeungnam (0.188) Korea (0.156) SKKU (0.125)
Reproductive biology Konkuk (0.25) SNU (0.133) SNU (0.119) Chungbuk (0.1)
Respiratory system SNU (0.214) SNU (0.117) Ulsan (0.108) SNU (0.095)
Rheumatology CUK (0.25) Hanyang (0.167) Hanyang (0.11) Hanyang (0.115)
Surgery SNU (0.203) Yonsei (0.149) SNU (0.074) SNU (0.073)
Toxicology CUK (0.167) SNU (0.162) SNU (0.102) SNU (0.094)
Transplantation SNU (0.231) SNU (0.196) SNU (0.11) SNU (0.112)
Tropical medicine Hallym (0.5) Ehwa (0.286) SKKU (0.222) SNU (0.139)
Urology & Nephrology SNU (0.13) SNU (0.153) SNU (0.093) SNU (0.095)
Virology SNU (0.3) SNU (0.175) SNU (0.136) SNU (0.15)
The number in parenthesis denotes share of the medical school.
MB: molecular biology, AM: applied microbiology, CVS: cardiovascular systems, OSM: oral surgery & medicine, SS: sciences & 
services, CM: complementary medicine, RE: research & experimental, E & OH: environmental & occupational health, NM & MI: 
nuclear medicine & medical imaging, SNU: Seoul National University, SKKU: Sungkyunkwan University, CUK: Catholic Univ. of 
Korea, N/A: not assessable.108 doi: 10.4258/hir.2010.16.2.100  www.e-hir.org
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Table 4. Highest betweenness centrality nodes according to subcategories and year
Subject category 1997-2000 2001-2004 2005-2008 1997-2008
Allergy Ajou (2.699)  SNU (2.53) Yonsei (8.957) Yonsei (9.882)
Anatomy & Morphology N/A Yonsei (0.337) Yonsei (1.687) SNU (7.962)
Andrology N/A Hanyang (0.067) SNU (0.472) SNU (0.472)
Anesthesiology SKKU (0.405) Yonsei (0.27) SNU (8.536) Yonsei (11.612)
Behavioral sciences N/A SNU (0.337) SNU (0.135) Korea (2.542)
Biochemistry MB SNU (35.908) SNU (21.084) SNU (13.281) SKKU (8.582)
Biotechnology AM SNU (0.202) SNU (31.866) SNU (23.31) SNU (26.146)
Cardiac CVS N/A SNU (7.22) Ulsan (20.803) SNU (18.528)
Cell biology SNU (32.267) SNU (25.953) SNU (22.205) SNU (18.497)
Clinical neurology SNU (5.488) SNU (22.383) SNU (23.962) SNU (21.038)
Critical care medicine N/A N/A Kyungpook (2.497) Kyungpook (3.981)
Dentistry OSM Ajou (0.135) Yonsei (1.046) Yonsei (19.109) Yonsei (16.188)
Dermatology  Yonsei (7.456) SNU (5.533) Chung-Ang (13.304) Yonsei (22.529)
Developmental biology Chungbuk (0.135) Pochon CHA (1.215) Korea (5.454) Konkuk (9.272)
Emergency medicine N/A N/A Yonsei (1.35) Yonsei (1.754)
Endocrinology & Metabolism SNU (3.16) SNU (16.565) Yonsei (15.821) SNU (20.223)
Evolutionary biology N/A N/A N/A SNU (0.135)
Gastroenterology & Hepatology Ajou (2.362) SNU (10.762) SNU (20.472) SNU (20.891)
Genetics & Heredity Korea (0.337) N/A SNU (21.293) SNU (20.247)
Geriatrics & Gerontology SNU (0.337) SNU (1.687) SNU (11.347) SNU (18.729)
Health care SS N/A SNU (0.675) Hanyang (1.552) SNU (6.646)
Hematology SNU (0.675) SNU (4.746) SKKU (9.937) SNU (8.586)
Immunology SNU (14.597) SNU (30.513) SNU (17.178) SNU (22.421)
Infectious diseases Yonsei (2.699) Yonsei (2.699) SNU (11.637) Yonsei (13.282)
Integrative & CM N/A SKKU (0.135) Wonkwang (0.54) Wonkwang (2.092)
Medical informatics Wonkwang (2.092) Hanyang (1.484) Hanyang (1.484) Hanyang (2.362)
Medical laboratory technology Yonsei (0.067) SNU (1.484) SKKU (7.928) SKKU (11.19)
Medicine, general & internal Yonsei (2.294) Yonsei (21.337) Yonsei (21.707) Yonsei (17.686)
Medicine, legal N/A N/A CUK (0.067) CUK (0.067)
Medicine RE SNU (1.484) SNU (26.06) SNU (32.734) SNU (27.254)
Microbiology SNU (3.138) SNU (18.008) SNU (18.925) Yonsei (17.943)
Microscopy N/A N/A SNU (0.135) SNU (0.405)
Mycology N/A N/A Chosun (0.472) Chosun (0.472)
Neuroimaging SNU (0.067) SNU (0.27) SKKU (5.421) SKKU (6.455)
Neurosciences SNU (14.66) SNU (30.83) SNU (21.317) SNU (23.05)
Nuclear science & technology N/A N/A N/A N/A
Obstetrics & Gynecology SNU (0.135) CUK (2.62) SNU (21.549) SNU (19.425)
Oncology SNU (19.155) SNU (35.304) SNU (21.077) SNU (20.961)
Ophthalmology Yonsei (0.945) CUK (6.41) Yonsei (15.137) Yonsei (20.211)
Orthopedics Yonsei (0.472) Yonsei (4.892) SNU (23.776) SNU (20.179)
Otorhinolaryngology SNU (0.607) SNU (0.81) SNU (13.518) SNU (24.699)109 Vol. 16  •  No. 2  •  June 2010 www.e-hir.org
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6. Multidimensional Scaling
The results of MDS are presented in Figure 4. Before 2001, 
only five medical schools are included inside 0.5 metric (in-
ner most circle). In 2005-2008, eight to nine medical schools 
are included inside 0.5 metric. Before 2001, many of the 
medical schools are not included even in 1.5 metric (outer 
circle). But in period 2005-2008, most of the medical schools 
are included inside 1.5 metric. Through the period, only one 
medical school (Seonam, Korea) is outside the 1.5 metric. 
IV. Discussion
1. Centralization According to Period
Centrality denotes ‘how network is structured’ and ‘how a 
node contributes to the network’ and it can be characterized 
by the nature of the flow of information. Usually the term 
‘centrality’ is restricted to the idea of point centrality, while 
the term ‘centralization’ is used to refer to particular proper-
ties of the graph structure as a whole. The value of degree 
centrality of a vertex (node, medical school) is its degree 
while the value of degree centralization of a network is the 
variation in the degrees of vertices divided by maximum de-
gree variation which is possible in a network of the same size 
[10]. The value may denote ‘point (node) centrality’ or ‘graph 
(network) centrality.’ Practically, the degree centrality of a 
network denotes ‘how the network is well connected.’ It is an 
index of exposure to what is flowing through the network 
and can be interpreted as opportunity to influence and be 
influenced directly. 
1)  Degree centrality
The degree centrality of the network among medical schools 
of Korea for the aspect of SCIE publication changed from 
0.5364 in period 1997-2000 to 0.2740 in period 2005-
Table 4. Continued
Subject category 1997-2000 2001-2004 2005-2008 1997-2008
Parasitology Yonsei (0.405) SNU (8.519) SNU (12.8) Yonsei (16.666)
Pathology SNU (8.738) SNU (23.824) SNU (13.079) SNU (21.936)
Pediatrics SKKU (0.54) SNU (0.742) SNU (18.946) SNU (22.514)
Peripheral vascular disease SNU (0.135) SNU (8.637) Ulsan (18.415) Ulsan (19.795)
Pharmacology & Pharmacy SNU (21.614) SNU (36.34) SNU (14.394) SNU (13.5)
Physiology SNU (0.742) SNU (13.563) SNU (15.728) SNU (24.014)
Psychiatry N/A SNU (7.085) SNU (16.397) SNU (19.45)
Psychology N/A SKKU (0.675) Korea (7.063) Korea (7.152)
Public E & OH SNU (1.012) SNU (12.112) SNU (12.007) SNU (21.557)
Radiology NM & MI Ulsan (9.962) SNU (24.818) SNU (20.751) Ulsan (20.219)
Rehabilitation N/A Ulsan (0.067) Korea (0.81) Korea (1.08)
Reproductive biology Chungbuk (0.067) SNU (0.405) SNU (13.192) SNU (11.977)
Respiratory system SNU (0.135) SNU (3.104) Ulsan (11.789) SNU (22.05)
Rheumatology Hanyang (0.067) Hanyang (3.205) Hanyang (19.802) Hanyang (26.662)
Surgery SNU (5.128) Yonsei (29.318) SNU (22.734) SNU (24.248)
Toxicology CUK (0.506) SNU (8.198) SNU (28.67) SNU (28.095)
Transplantation SNU (1.012) SNU (3.711) SNU (15.899) Yonsei (20.484)
Tropical medicine Hallym (0.067) SNU (0.135) SKKU (0.27) SKKU (0.472)
Urology & Nephrology SNU (2.024) SNU (12.545) SNU (18.174) SNU (25.116)
Virology SNU (0.135) SNU (2.024) SKKU (2.227) SNU (11.712)
The number in parenthesis denotes share of the medical school.
MB: molecular biology, AM: applied microbiology, CVS: cardiovascular systems, OSM: oral surgery & medicine, SS: sciences & 
services, CM: complementary medicine, RE: research & experimental, E & OH: environmental & occupational health, NM & MI: 
nuclear medicine & medical imaging, SNU: Seoul National University, SKKU: Sungkyunkwan University, CUK: Catholic Univ. of 
Korea, N/A: not assessable.110 doi: 10.4258/hir.2010.16.2.100  www.e-hir.org
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Table 5. Highest eigenvector centrality nodes according to subcategories and year
Subject category 1997-2000 2001-2004 2005-2008 1997-2008
Allergy SNU (80.58)  SNU (57.95) Yonsei (57.84) Ajou (52.97)
Anatomy & Morphology SNU (100) Yonsei (83.02) SNU (72.98) SNU (71.63)
Andrology SKKU (100) Hanyang (100) SNU (97.8) SNU (89.37)
Anesthesiology SKKU (87.05) SNU (73.96) Yonsei (68.71) SNU (61.9)
Behavioral sciences Gacheon (141.42) SNU (85.07) Korea (76.18) SNU (72.2)
Biochemistry MB SNU (63.95) SNU (44.75) SNU (36.7) SNU (33.43)
Biotechnology AM Yonsei (81.77) SNU (67.95) SNU (51.29) SNU (51.08)
Cardiac CVS SNU (92.39) Ulsan (60.33) Ulsan (54.55) Ulsan (53.12)
Cell biology SNU (69.13) SNU (53.86) SNU (46.53) SNU (40.57)
Clinical neurology SNU (61.15) SNU (68.7) SNU (44.93) SNU (44.08)
Critical care medicine SNU (100) SNU (100) SNU (66.1) SNU (72.96)
Dentistry OSM SNU (85.07) Yonsei (85.3) SNU (69.63) SNU (68.17)
Dermatology  Yonsei (81.61) SNU (75.77) Yonsei (60.77) Yonsei (55.87)
Developmental biology Konkuk (85.07) Pochon (77.16) Konkuk (54.7) Konkuk (54.02)
Emergency medicine Gacheon (141.42) Gacheon (100) Yonsei (93.85) Yonsei (91.2)
Endocrinology & Metabolism SNU (80.93) SNU (64.27) SNU (52.39) SNU (47.63)
Evolutionary biology Gacheon (141.42) SNU (100) Chung-Ang (100) SNU (97.7)
Gastroenterology & Hepatology Ulsan (62.21) SNU (67.98) CUK (47.66) SKKU (44.8)
Genetics & Heredity Korea (85.47) SNU (62.91) SNU (50.66) SNU (46.6)
Geriatrics & Gerontology Pochon (100) SNU (88.58) SNU (78.13) SNU (76.43)
Health care SS SNU (100) SNU (89.44) Hanyang (62.77) SNU (81.11)
Hematology Chonnam (93.99) SNU (63.64) Ulsan (50.03) Ulsan (46.66)
Immunology SNU (82.56) SNU (56.74) Ulsan (45.86) SNU (43.35)
Infectious diseases Yonsei (74.68) Yonsei (74.68) SNU (55.23) Yonsei (53.89)
Integrative & CM Yeungnam (100) Chung-Ang (79.16) Wonkwang (77.48) SNU (61.69)
Medical informatics SNU (61.69) Hanyang (80.83) Hanyang (80.83) Hanyang (72.45)
Medical laboratory technology Ulsan (100) Ulsan (72.21) SKKU (70.4) SKKU (63.13)
Medicine, general & internal Yonsei (98.78) Yonsei (51.93) Yonsei (43.75) Yonsei (41.19)
Medicine, legal Korea (100) Korea (100) Yonsei (85.07) Yonsei (92.39)
Medicine RE SNU (77.6) SNU (60.34) SNU (51.45) SNU (46.94)
Microbiology SNU (88.1) Yonsei (60.55) CUK (54.51) CUK (50.6)
Microscopy SNU (100) Chonnam (100) SNU (100) SNU (100)
Mycology Gacheon (141.42) Yonsei (100) Chung-Ang (91.47) Chung-Ang (91.47)
Neuroimaging SNU (100) SNU (95.3) SKKU (72.93) SKKU (67.57)
Neurosciences SNU (63.15) SNU (52.85) SNU (46.01) SNU (41.7)
Nuclear science & technology Gacheon (141.42) Gacheon (141.42) Inha (100) Inha (100)
Obstetrics & Gynecology Chonnam (77.76) CUK (78.72) SNU (55.92) SNU (51.68)
Oncology SKKU (59.68) SNU (57.14) SNU (42.19) SNU (40.31)
Ophthalmology Yonsei (90.34) Yonsei (67.74) SNU (72.51) SNU (68.25)
Orthopedics SNU (61.94) Yonsei (80.4) Korea (58.51) Korea (50.56)
Otorhinolaryngology SNU (64.05) SNU (92.22) SNU (60.38) SNU (59.46)111 Vol. 16  •  No. 2  •  June 2010 www.e-hir.org
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2008. The result reveals that the centrailization of the net-
work becomes less profound recently. This is because that 
as the competitions among medical schools for the SCIE 
publication become profound, the number of SCIE publica-
tion by medical schools has been dramatically increased 
[3]. Thus the need to communicate among medical schools 
was increased. Also indgree and outdegree centrality of the 
network showed marked decrease, too. Indegree of a node 
(medical school) is the number of arcs it receives (being in-
vited as co-author) and outdegree of a node is the number of 
arcs it sends (invited others as co-author). Thus the decrease 
of indegree and outdegree centrality means that the ratio of 
‘being invited’ or ‘invite’ by specific medical schools from 
total number of SCIE publication was decreased. In other 
word, more medical schools were ‘inviting’ or ‘being invited’ 
and co-authorship was enhanced. These findings are visual-
ized in sociogram (Figure 2). In the figure, the size of the 
circle reflects the number of articles of each medical schools 
and the arc denotes invite or be invited by direction of ar-
row. At earlier period (1997-2000), the size of the circle was 
small and the arcs were sparse. But in later period (2005-
2008), the size of the circle becomes larger and the network 
gets denser. As a result, the degree centrality was relieved.
2) Closeness centrality
Closeness centrality denotes ‘how far from all others, how 
long information takes to arrive.’ It is an inverse measure of 
centrality and is an index of expected time until arrival for 
given node of whatever is flowing through the network. A 
simple explanation of this is ‘central player hears things first.’ 
The degree of closeness centrality of the network changed 
from 0.6210 in period 1997-2000 to 0.2501 in period 2005-
2008. The meaning of the results is ‘the velocity of informa-
tion flow’ becomes faster. 
Table 5. Continued
Subject category 1997-2000 2001-2004 2005-2008 1997-2008
Parasitology SKKU (66.1) SNU (68.51) SNU (67.23) SNU (60.78)
Pathology SKKU (81.25) Ulsan (68) SKKU (58.65) SKKU (55.1)
Pediatrics SKKU (70.47) SKKU (65.48) SNU (64.61) SNU (60.79)
Peripheral vascular disease SNU (100) SNU (72.06) SNU (56.25) SNU (58.01)
Pharmacology & Pharmacy SNU (67.99) SNU (55.84) SNU (40.39) SNU (36.49)
Physiology SNU (88.29) SNU (83.23) SNU (59.49) SNU (63.6)
Psychiatry SNU (100) SNU (76.94) SNU (56.06) SNU (53.47)
Psychology SNU (100) SNU (75.34) Korea (73.73) SNU (67.84)
Public E & OH SNU (83.04) SNU (78.03) SNU (64.71) SNU (60.71)
Radiology NM & MI Yonsei (52.62) SNU (55.35) Ulsan (50.83) Ulsan (44.45)
Rehabilitation Yonsei (100) SKKU (92.39) Korea (70.59) SKKU (61.41)
Reproductive biology Konkuk (78.87) SNU (84.6) SNU (64.57) Chungbuk (57.64)
Respiratory system SNU (92.39) Ulsan (67.31) Ulsan (57.29) SNU (52.86)
Rheumatology CUK (100) Hanyang (75.4) Hanyang (67.23) Hanyang (66.81)
Surgery SNU (78.42) Yonsei (69.42) Yonsei (46.71) Yonsei (44.88)
Toxicology CUK (82.27) SNU (76.39) SNU (59.87) SNU (59.48)
Transplantation SNU (92.13) SNU (86.24) SNU (58.36) SNU (57.44)
Tropical medicine Hallym (100) Ehwa (87.82) SKKU (100) SNU (66.39)
Urology & Nephrology SNU (69.3) SNU (65.27) SNU (50.02) SNU (51.2)
Virology SNU (88.81) SNU (84.79) SNU (69) SNU (67.5)
The number in parenthesis denotes share of the medical school.
MB: molecular biology, AM: applied microbiology, CVS: cardiovascular systems, OSM: oral surgery & medicine, SS: sciences & 
ser  vices, CM: complementary medicine, RE: research & experimental, E & OH: environmental & occupational health, NM & MI: 
nuclear medicine & medical imaging, SNU: Seoul National University, SKKU: Sungkyunkwan University, CUK: Catholic Univ. of 
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Figure 2. Network centralization 
ac  cording to the period 
1997-2000, 2001-2004, 
2005-2008 and 2007-
2008. The size of vertex 
(node) and the number of 
arcs are increased through 
the period so that the 
degree centrality was de-
creased.
3) Betweenness centrality
The betweenness centrality denotes ‘how often a node lies 
along the shortest path between two other nodes’ and it is an 
index of potential for gatekeeping, brokering, and control-
ling the flow. It is usually interpreted as indicating power to 
access to diversity of what flows and to synthesize or orga-
nize a team. The betweenness centrality changed from 0.1824 
in period 1997-2000 to 0.0110 in period 2005-2008. The re-
sults mean the oligopolies of the network by several medical 
schools are resolving rapidly.
4) Eigenvector centrality
Eigenvector centrality denotes ‘being connected to the well 
connected (a popularity & power measure).’ A node has a 
high score if connected to many nodes that are themselves 
well connected. This is an indicator of popularity and it 
tends to identify centers of large cliques. The Eigenvector 
value changed from 0.2410 in period 1997-2000 to 0.0475 
in period 2005-2008. The results can be interpreted as more 
medical schools are having more diverse relationships 
among themselves than early period. 
2. Centralization According to Subcategories
1) Degree centrality
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lyzed. The subcategories showing high degree of centraliza-
tion were ‘Cell biology,’ ‘Oncology,’ ‘Medicine, general & 
internal,’ ‘Neurosciences,’ and ‘Phar  macology & Pharmacy.’ 
These findings suggest that the researches in these subcat-
egories are concentrated to several medical schools and co-
authorship is not shared well. In the Table 6, we can see 
which medical schools are ‘key players’ in the subcategories. 
SNU is presenting as highest centrality (Table 3), highest be-
tweenness (Table 4), and highest Eigenvector node (Table 5) 
and it is defined as ‘key player’ (Table 6) in all those subcat-
egories showing high degree of centralization except ‘Medi-
cine, general & internal.’ The subcategory ‘Medicine, general 
& internal’ needs cautious interpretation. This subcategory 
includes 52 kinds of journals with 3,650 articles. Also, the 
subcategory includes “Journal of Korean Medical Science” 
and “Yonsei Medical Journal” and the numbers of articles 
of the journals are 2,020 and 1,299, respectively. Among the 
1299 articles of the Yonsei Medical Journal, Yonsei Universi-
ty published 800 articles. Thus the centralization of the sub-
category ‘Medicine, general & internal’ was largely affected 
by Yonsei University. The journals of other subcategories are 
mostly published outside of Korea so that those intervening 
are not happened.
2) Betweenness centrality
Again, the betweenness centrality is an index of poten-
Figure 2. Continued.114 doi: 10.4258/hir.2010.16.2.100  www.e-hir.org
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Table 6. Key players of the subject category
Subject category 1997-2000 2001-2004 2005-2008 2007-2008
 Allergy SNU (0.258) SNU (0.375) Yonsei (0.508) Yonsei (0.583)
 Anatomy & Morphology SNU (0.075) Yonsei (0.204) SNU (0.277) SNU (0.415)
 Andrology Yonsei (0.05) Hanyang (0.075) SNU (0.265) SNU (0.3)
 Anesthesiology SKKU (0.163) SNU (0.183) Yonsei (0.451) Yonsei (0.521)
 Behavioral sciences Gacheon (0.025) SNU (0.175) Korea (0.165) SNU (0.304)
 Biochemistry MB SNU (0.817) SNU (0.875) SNU (0.938) SNU (0.95)
 Biotechnology AM Yonsei (0.197) SNU (0.688) SNU (0.771) SNU (0.85)
 Cardiac CVS SNU (0.113) SNU (0.478) Ulsan (0.779) Ulsan (0.813)
 Cell biology SNU (0.729) SNU (0.858) SNU (0.913) SNU (0.938)
 Clinical neurology SNU (0.425) SNU (0.775) SNU (0.925) SNU (0.95)
 Critical care medicine Yeungnam (0.05) SNU (0.075) SNU (0.333) SNU (0.408)
 Dentistry OSM Ajou (0.088) Yonsei (0.273) SNU (0.604) SNU (0.629)
 Dermatology  Yonsei (0.438) SNU (0.475) Yonsei (0.65) Yonsei (0.758)
 Developmental biology Konkuk (0.121) Pochon CHA (0.244) Konkuk (0.36) Konkuk (0.44)
 Emergency medicine Gacheon (0.025) Gacheon (0.05) Yonsei (0.229) Yonsei (0.25)
 Endocrinology & Metabolism SNU (0.338) SNU (0.633) SNU (0.825) SNU (0.838)
 Evolutionary biology Gacheon (0.025) SNU (0.1) Chung-Ang (0.075) Chung-Ang (0.1)
 Gastroenterology & Hepatology Ulsan (0.319) SNU (0.575) CUK (0.875) CUK (0.875)
 Genetics & Heredity Korea (0.246) SNU (0.727) SNU (0.808) SNU (0.846)
 Geriatrics & Gerontology SNU (0.175) SNU (0.252) SNU (0.658) SNU (0.725)
 Health care SS SNU (0.05) SNU (0.25) Hanyang (0.25) SNU (0.404)
 Hematology SNU (0.179) SNU (0.521) Ulsan (0.738) Ulsan (0.775)
 Immunology SNU (0.608) SNU (0.521) Ulsan (0.738) SNU (0.9)
 Infectious diseases Yonsei (0.485) Yonsei (0.485) SNU (0.717) Yonsei (0.788)
 Integrative & CM Yeungnam (0.075) Chung-Ang (0.188) Wonkwang (0.26) Wonkwang (0.429)
 Medical informatics Wonkwang (0.429) Hanyang (0.275) Hanyang (0.275) Yonsei (0.327)
 Medical laboratory technology Yonsei (0.075) Ulsan (0.246) SKKU (0.396) SKKU (0.483)
 Medicine, general & internal Yonsei (0.525) Yonsei (0.938) Yonsei (0.95) Yonsei (0.975)
 Medicine, legal Eulji (0.05) Korea (0.075) CUK (0.088) Yonsei (0.113)
 Medicine RE SNU (0.344) SNU (0.775) SNU (0.863) SNU (0.913)
 Microbiology SNU (0.346) Yonsei (0.638) CUK (0.863) CUK (0.875)
 Microscopy Yeungnam (0.05) Chonnam (0.075) SNU (0.1) SNU (0.15)
 Mycology Gacheon (0.025) Yonsei (0.075) Chung-Ang (0.358) Chung-Ang (0.358)
 Neuroimaging SNU (0.075) SNU (0.175) SKKU (0.604) SKKU (0.658)
 Neurosciences SNU (0.575) SNU (0.842) SNU (0.925) SNU (0.95)
 Nuclear science & technology Gacheon (0.025) Gacheon (0.025) SNU (0.075) SNU (0.075)
 Obstetrics & Gynecology Chonnam (0.206) CUK (0.448) SNU (0.771) SNU (0.788)
 Oncology SKKU (0.738) SNU (0.875) SNU (0.913) SNU (0.963)
 Ophthalmology Yonsei (0.2) Yonsei (0.396) Korea (0.654) SNU (0.683)
 Orthopedics Yonsei (0.255) Yonsei (0.421) Korea (0.654) Yonsei (0.708)
 Otorhinolaryngology SNU (0.267) SNU (0.34) SNU (0.606) SNU (0.704)115 Vol. 16  •  No. 2  •  June 2010 www.e-hir.org
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Table 6. Continued
Subject category 1997-2000 2001-2004 2005-2008 2007-2008
 Parasitology Yonsei (0.179) SNU (0.521) SNU (0.515) SNU (0.667)
 Pathology SKKU (0.613) Ulsan (0.688) SKKU (0.621) SKKU (0.863)
 Pediatrics SKKU (0.198) SNU (0.254) SNU (0.683) SNU (0.721)
 Peripheral vascular disease SNU (0.1) SNU (0.542) Ulsan (0.725) SNU (0.796)
 Pharmacology & Pharmacy SNU (0.648) SNU (0.925) SNU (0.963) SNU (0.975)
 Physiology SNU (0.265) SNU (0.492) SNU (0.573) SNU (0.733)
 Psychiatry SNU (0.075) SNU (0.585) SNU (0.779) SNU (0.821)
 Psychology SNU (0.075) SNU (0.215) Korea (0.5) SNU (0.558)
 Public E & OH SNU (0.163) SNU (0.529) SNU (0.613) SNU (0.696)
 Radiology NM & MI Yonsei (0.585) SNU (0.838) Ulsan (0.913) Ulsan (0.925)
 Rehabilitation Inje (0.05) SKKU (0.113) CUK (0.242) SKKU (0.294)
 Reproductive biology Konkuk (0.127) SNU (0.188) SNU (0.463) SNU (0.504)
 Respiratory system SNU (0.113) Ulsan (0.342) Ulsan (0.683) SNU (0.725)
 Rheumatology CUK (0.1) Hanyang (0.408) Hanyang (0.571) Hanyang (0.679)
 Surgery SNU (0.458) Yonsei (0.738) Yonsei (0.85) SNU (0.888)
 Toxicology CUK (0.167) SNU (0.475) SNU (0.742) SNU (0.813)
 Transplantation SNU (0.208) SNU (0.358) SNU (0.658) SNU (0.754)
 Tropical medicine Hallym (0.075) Ehwa (0.163) SKKU (0.125) SKKU (0.208)
 Urology & Nephrology SNU (0.294) SNU (0.646) SNU (0.788) SNU (0.9)
 Virology SNU (0.125) SNU (0.287) SNU (0.408) SNU (0.546)
Number in parenthesis denotes reciprocal distance index. 
MB: molecular biology, AM: applied microbiology, CVS: cardiovascular systems, OSM: oral surgery & medicine, SS: sciences & services, 
CM: complementary medicine, RE: research & experimental, E & OH: environmental & occupational health, NM&MI: nuclear medicine 
& medical imaging, SNU: Seoul National University, SKKU: Sungkyunkwan University, CUK: Catholic Univ. of Korea.
Figure 3. Structural equivalence 
(con  vergence of iterated 
correlate [CONCOR]) gen-
erated eight groups from 
40 medical schools in Ko-
rea. The medical schools 
of a group show similar 
pattern of behavior in 
SCIE publication.116 doi: 10.4258/hir.2010.16.2.100  www.e-hir.org
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tial for gatekeeping. Thus the medical schools having highest 
betweenness indices are controlling the flow of information 
and can be regarded as an organizer of multicenter researches 
of the subcategories. The subcategories showing high degree of 
betweenness centrality were ‘Toxicology,’ ‘Medicine, research 
& experimental,’ ‘Rheumatology,’ ‘Biochemistry & Molecular 
biology,’ and ‘Urology & Nephrology.’ For these subcategories, 
SNU showed highest betweenness centrality index in ‘Medicine, 
research & experimental,’ ‘Toxicology,’ and “Urology & Ne-
phrology.’ For subcategory ‘Biochemistry & Molecular biol-
ogy’ and ‘Rheumatology,’ Sungkyunkwan and Hanyang were 
highest, respectively. Unlike centralization degree, several 
medical schools are positioned as ‘gate keeper.’ 
3) Eigenvector centrality
Eigenvector centrality is a measure of the importance of a 
node in a network. It assigns relative scores to all nodes in 
the network based on the principle that connections to high-
scoring nodes contribute more to the score of the node in 
question than equal connections to low-scoring nodes. Thus 
the Eigenvector centrality depends both on the number 
and the quality of its connections: having a large number of 
connections still counts for something, but a vertex with a 
smaller number of high-quality contacts may outrank one 
with a larger number of mediocre contacts [11]. Eigenvector 
centrality turns out to be a revealing measure in many situ-
ations. The subcategories with high Eigenvector indices are 
‘Health care services and science (SNU),’ ‘Behavioral scienc-
es (SNU),’ ‘Geriatrics & Gerontology (SNU),’ ‘Medical infor-
matics (Hanyang),’ and ‘Critical care medicine (SNU).’ Still, 
SNU was turned to be the most ‘popular’ in the network.
3. Key Player
One of the purposes of the uses of centrality measures is to 
Figure 4. Multidimensional scaling shows the similarities among medical schools. Through the period, only one medical school (Seonam, 
Korea) is outside the 1.5 metric (final stress = 0.391 after 62 iterations).117 Vol. 16  •  No. 2  •  June 2010 www.e-hir.org
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identify key players in social networks that are considered 
important. Diverse centrality measures such as degree cen-
trality, closeness, betweenness, and eigenvector centrality 
were described above. Degree centrality is to define the in-
fluence of a player in the network is measured by evaluating 
the degree with which these players may reach. Betweenness 
centrality is to define the flow of information, the degree of a 
messages sent through the network frequently pass through 
specific players. Eigenvector centrality is to define ‘who is 
popular among popular’ which means they represent cen-
ters of large cliques in the graph. In spite of their simplicity, 
those centrality indices have shown to be a robust and effec-
tive way to identify key players. However, the performance 
of centrality measures was varied under the conditions of 
imperfect data [12]. Thus Borgatti [8] provides the following 
formal definition of the set of key players problem: “Given 
a social network (represented as an undirected graph), and a 
set of k nodes (called a kp-set of order k) such that, 1. (KPP-
Neg) Removing the kp-set would result in a residual network 
with the least possible cohesion, 2. (KPP-Pos) The kp-set is 
maximally connected to all other nodes." The program Key-
Player ver. 1.44 is developed by Borgatti himself to find a 
solution of key players problem. We used distance weighted 
reach criterion method (KPP-NEG) with the goal consists 
of identifying those k-players that, if removed, will disrupt 
or fragment the network. As shown above, the degree of 
centralization was relieved through the period. However, the 
number of key players has been shrunk through the period. 
The four medical schools, SNU, Yonsei, Sungkyunkwan, and 
Ulsan University were ‘key player’ 54 subcategories (90%). In 
earliest period (1997-2000), the number of medical schools 
as ‘key player’ was 15, but it changed to 12 and 10 in period 
2001-2004 and 2005-2008, respectively. Also, the occupation 
by those four medical schools was increase from 40 subcat-
egories in earliest period to 46 subcategories in latest period. 
Thus even though centralization degree is relieved and the 
‘key players’ are changing dynamically, the significance of 
those four medical schools is still going profound inside the 
scientific network of medical schools of Korea.
4. CONCOR Analysis
Through a series of CONCOR analyses of the squared ma-
trix, it has been possible to establish the different groups of 
the organization [13]. These analyses allow us to get closer 
to what is the informal organizational chart of the organiza-
tion. The assumption of this is that two nodes are structur-
ally equivalent to the extent that they have identical relations 
with every other node. Thus the medical schools of same 
cluster don’t necessarily mean to have relationship with each 
other. It only means that they behavior alike. The group ‘D’ 
has highest number of corresponding articles and the ratio 
of corresponding articles inviting other medical schools per 
co-authoring articles invited by other medical schools (CA/
CO). And Group ‘D’ is very productive and shows high 
centrality degree (density), betweenness and Eigenvector 
(Table 7). Medical schools in group ‘D’ can be regarded as 
that they are much productive and actively communicate in 
the network. Group ‘E’ is relatively productive and actively 
communicates but the number of articles per year is much 
smaller than group ‘D.’ Group ‘G’ has low number of articles 
and low ratio of corresponding/coauthoring (invite/invited). 
But group ‘G’ had a relatively high betweenness index which 
Table 7. Hierarchical clustering and centrality indices
Group Articles/yr
a Ratio of CA/CO
b Centrality
Degree Betweenness Eigenvector
D          214.6  (1)           115% (1) 0.028  (1) 0.884  (2) 0.173  (1)
E 62.3  (2) 71% (2) 0.028  (2) 1.157  (1) 0.172  (2)
B 57.6  (3) 66% (3) 0.025  (3) 0.500  (3) 0.158  (4)
C 41.3  (4) 62% (4) 0.025  (4) 0.489  (4) 0.159  (3)
H 32.3  (5) 61% (5) 0.022  (7) 0.358  (8) 0.137  (7)
F 28.0  (6) 57% (8) 0.023  (6) 0.447  (6) 0.142  (6)
A 26.7  (7) 57% (7) 0.023  (5) 0.431  (7) 0.148  (5)
G 18.8  (8) 59% (6) 0.019  (8) 0.467  (5) 0.117  (8)
Numbers in parenthesis denote rank.
aThe average number of the group of the articles of which the affiliation have corresponding author. 
bThe ratio of corresponding ar-
ticles inviting other medical schools per co-authoring articles invited by other medical schools (CA/CO).118 doi: 10.4258/hir.2010.16.2.100  www.e-hir.org
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means the medical schools of this group have relatively high 
frequency of critical location among medical schools’ geode-
sic paths. Group ‘H’ has productivity in middle but they do 
not communicate much with other medical schools. 
5. Metric MDS
MDS is the most common technique used in perceptual 
mapping. MDS is a statistical technique for taking the pref-
erences and perceptions of respondents and representing 
them on a visual grid. The current results clearly show that 
more medical schools are moving to center (Figure 4). The 
result may be considered with the result of CONCOR. The 
group ‘D’ on CONCOR analysis is mostly located in the cen-
ter circle. Another common thing of this group is that the 
medical schools of group ‘D’ are mostly located in or nearby 
Seoul. We can find geographic closeness affect the result. The 
medical schools of ‘Kyungsang’ or ‘Chonla’ or ‘Chungchun-
gnamdo’ are closely located in Figure 4D. However, the stan-
dardized residual sum of squares (STRESS) was 0.391 after 
62 iterations, thus the fidelity of this analysis is poor. 
  Metric MDS coordinates 0.5 encompass four medical 
schools (SNU, Yonsei, Sungkyunkwan, and Catholic Univer-
sity of Korea) initially (period 1997-2000). In period 2001-
2004, Ulsan University was added. In period 2005-2008, 
Ulsan University was out and Korea University and Hanyang 
University was added to make six medical schools are inside 
0.5 circle. The results do not necessarily mean the produc-
tivity of Ulsan University was poor in period 2005-2008. It 
only means Ulsan University is not alike to the other major 
producing medical schools. For example, Ulsan University 
might have been developing a newer network with foreign 
institute.
  In conclusion, all the centralization indexes analyzed 
showed that the degree of centralization in the network of 
me  dical schools was relieved through the period. Especially, 
betweenness centrality of the network showed dramatic 
change which means the role of a specific “gatekeeper” is 
minimizing. Also Eigenvector centrality is decreasing which 
can be interpreted as monopolization of information is 
resolved. Key player analysis showed that SNU has been a 
constant ‘key player’ through the period and through the 
subcategories. CONCOR and mertic MDS showed some 
similarities exist among medical schools with geographic 
location. In this article, the social scientific network among 
the medical schools in Korea has been examined. Through 
the understanding of the network among medical schools in 
Korea, a strategy to strengthen the basis of researches may 
be improved.
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